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Introduction

• Manassen experiments (1989, 2000)
Also Cambridge Group, Durkan et al, 2001
• Spin precession STM
• Noise spectrosopy of spin. Colored noise as a 

useful information.
• Spin polarized STM current and single spin 

dynamics.
• 1/f spin current noise and noise spectroscopy
• Conclusion and predictions/extensions.



Not a direct
Spin 
measurement



Experimental setup

eVMHzL
610~500 −=ωh

current in the noise )'()()( 2
ωδδδ ItItItI →→

Energy scales of the
Problem:

B= 100-300 Gauss
Idc~ 1 nA= 10^-9A
Iac~ 1 pA= 10^(-12)A

Dukan et al, APL 02This setup works as an AC
generator



Nodal structure of the signal?
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esr linewidth for BDPA is few gauss
At room temperature!



Noise spectroscopy of spin
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Hot environment
small splitting
random dynamics 
of spin S

White noise sent through the system with peaked 
susceptibility is filtered and results in colored noise. 
Characteristic frequency is seen.



Cantielever noise in MRFM set up.

Thermally induced noise can be used to measure Temperature, Q and 
eigenfrequency of resonator without ever driving it, just monitoring the
noise.

J. Markert, UT Austin, unpublished.
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Time dependent magnetic field
As picked up by SQUID—
Another example of noise spectroscopy

M(t)



Photocurrent modulation
due to precessing spin

Another example of noise spectroscopy

Transparency is modulated at 
Larmor frequency

in out



ansformFourier trin  
at peak  )'()(~

)'()(~)'()(
)(~)(

Lω⇒tMtM

tPtPtItI
tMtP

zz

z

Hg BL µω =



We believe that similar noise spectroscopy is
what is measured in STM on single/few spins
experiments



Noise Spectroscopy
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Relevant time scales
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Imagine we have a situation of one electron per cycle. Even if there
is no net spin polarization, there is a fluctuating temporal polarization
on a time scale relevant for spectrum at Larmor frequency!
Truly a noise spectrocsopy!



Temporal spin polarization of tunneling electrons
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t_1/t_0 ~ J/U magnitude of modulation

L (tip)

Modulation of tunneling barrier 
by JS/U due to exchange interaction

R (sample)
Localized spin S(t)



Cond-mat/ 0301032.
PRB, 2003, to be pub

Main idea: dc spin polarization of tunneling electrons
is all that is required to measure the dynamics of a single spin.
Study the dynamics with dc current.
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Current dynamics reflects the spin
Dynamics: S/N ~ 1



1/f spin noise and noise 
spectroscopy

Basic idea is that we do not have a steady spin polarization of tunneling
Spins. Polaization  long enough  on the scale of precessing S spin
is sufficient. Assume spin current out of the tip has 1/f spectrum. 
if one  has a paramagnetic center (say easy axis)
on the tip then tunneling electrons will acquire a time dependent spin 
polarization. AVB and Manassen

In progress
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1/f noise in unpolarized STM 
current
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Potential applications of 
ESP-STM

• Emergent technique for detection of magnetic defects

• Fully capable of single spin detection. Quantum computing.

• General sample characterization. Surface science.

•Study the dynamics of the Kondo spin: temperature evolution

of the ESP line ( above and below TK)

•Potential for a new imaging technique ( similar to MRI)



spectrum
T >>TK

T ~TK

T <<TK

frequency

Line shifts because of spin renormalization
Due to Kondo effect?? A possibility.
ESR STM allows to address the Kondo dynamics
directly.



Quantum wire or dot with  spins
PRL, v 89
286802,(2002) 

Imagine single wire or single dot with spins geometry. SO 
coupling will produce a modulation in the conductivity of 
this wire.  We also find twice Larmor frequency signal
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Josephson effect and single spin
Zhu et al, Cond mat 0306710



Integrable equations of motion



Nutation of a spin due to Josephson 
current

Larmor precession in XY plane + 
oscillations in polar direction
With Josephson frequency.

B



Conclusion 

• STM can be used as a tool to detect a single spin 
signal.

• Noise spectroscopy is a mechanism for single spin 
detection.

• Spin polarized tunneling allows one to detect 
dynamics of a single spin with S/N ~ 1.

• 1/f spin noise in the tunneling current allows to 
couple to the spin dynamics with no dc spin 
polarization.

• Extentions for SC transport and for q dots and 
wires.
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